This study was done to assess whether self monitoring of blood glucose is associated with better glycaemic control in type 2 diabetic Trinidadians. Data was collected from 146 type 2 diabetics via interviews and medical files. Variables extracted included fasting blood glucose, HbA1c and lipid profile. Recent users of the glucometer had better glycemic control compared with longstanding users (HbA1c: 8.4% ± 0.28% vs 9.4% ± 0.62%). Diabetics using a glucometer for >11 years had the highest cholesterol (234 ± 27 mg/dL) while those using it 6 months to 5 yrs had the lowest values (206 ± 8 mg/dL). Using the glucometer occasionally or once a week had little impact on these indices. Usage of insulin preparation was positively correlated with HbA1c (r = 0.295; p = 0.001) while those relying on oral hypoglycaemic agents showed a negative correlation (r = −0.265). Further, those who took their medication as prescribed had a lower HbA1c than those who took their medication occasionally. Ironically, HbA1c fell with increasing duration between clinic visits with those visiting annually having the lowest HbA1c (9.0% ± 0.2% vs 7.1% ± 0.7%). Compliance with lifestyle and exercise resulted in lower HbA1c and blood lipids. Poor client education on glucometer usage, administration of insulin and non-compliance with diet and exercise were associated with higher HbA1c.
INTRODUCTION
Diabetes mellitus is a metabolic disorder characterized by hyperglycemia [1] . The hyperglycemia is caused by defective pancreatic insulin production, action or both and results in abnormal carbohydrate, protein and fat metabolism. Type 2 diabetes is caused by a combination of peripheral resistance to insulin action and a decreased response by the β cells of pancreas. Research has shown that obesity and inadequate physical activity are the main causes for type 2 diabetes [2] .
Glycaemic control is a medical term referring to the typical levels of blood sugar in a person with diabetes mellitus. Many researchers shown that the microvascular complications and other long term effects of diabetes result from long term hyperglycaemia [2] . The percentage of hemoglobin which is glycosylated is used as a measure of long-term glycaemic control in the clinical care of people with diabetes. The original Leuven trial demonstrated that proper implementation of glycaemic control can reduce morbidity and mortality [3] . More recent studies have shown that there is a cost-benefit to glycaemic control as well, through reduction of hospital stay and prevention of complications [4] .
A lipid profile comprises the measurement of cholesterol, triglycerides, and high-density lipoproteins. Age, sex, and genetics influence lipid profile status of an individual. Lifestyle, diet, level of physical activity, level of diabetes control, and smoking status, also affect lipid profile. Some medical conditions of the subjects can increase or reduce cholesterol and triglyceride levels [5] .
Studies have shown that the people with type 2 diabetes tend to have high levels of triglyceride and low HDL levels. People with type 2 diabetes tend to have similar LDL levels as people who don't have diabetes, their LDL particles appears to be smaller and more prone to causing damage [5] . This lipoprotein pattern of elevated triglyceride, low HDL cholesterol, and small dense LDL particles is associated with insulin resistance and is present even before the onset of diabetes. It was shown that the LDL cholesterol levels in type 2 diabetic subjects are generally similar to those found in the general population [6] .
The glucometer is an at-home blood sugar monitoring device. This process is also known as self monitoring of blood glucose (SMBG). Patients suffering from diabetes are able to be provided with instant feedback on the blood sugar level. Even doctors practice using it in their offices instead of taking venous blood. The device is small and easily portable. Trinidad and Tobago has a population of 1,317,714 [7] . Among this population, an estimated 175,000 persons are affected with diabetes [8] . Diabetes mellitus is the second cause of death in Trinidad and Tobago, surpassed by cardiovascular diseases [7] . In Trinidad and Tobago, one in eight persons over the age of 35 is diabetic [9] . Trinidad and Tobago has the most persons affected with diabetes in the Western Hemisphere and a one in four hospital admission is due to diabetes [9] . Diabetes mellitus can result in many complications. In our country, heart disease and stroke account for 65% of deaths in people with diabetes, 73% of adults with diabetes have hypertension; diabetes is the leading cause of blindness among adults aged 20 -74 years and the leading cause of kidney failure [9] .
Diabetes mellitus, though a serious medical condition, has been shown to be manageable. However, these astounding statistics may indicate a problem with the monitoring and managing of the disease in Trinidad and Tobago. With this project, we wish to provide documentation and gain insight into self monitoring and compliance of patients living with diabetes.
SUBJECTS AND METHODS
This retrospective case control investigation is designed to determine if there is a link between SMBG and better glycaemic control in Trinidadian type 2 diabetic subjects aged 40 -75. We also determined whether glycaemic control via the glucometer helps in maintaining a normal lipid profile.
Data for this study was gathered from approximately 146 subjects via a face to face interview using a prepared questionnaire and also by gathering data from their personal medical files. Members of the general public attending the Diabetic clinics at the Eric Williams Medical Sciences Complex and San Fernando General Hospital were randomly selected for this study. Study included type 2 diabetics aged 40 -75 of all ethnicities who practiced self-monitoring via the glucometer for more than six (6) months. We excluded persons who did not meet the above inclusion criteria along with pregnant women.
Data recorded via the questionnaire were use of glucometer, duration of glucometer use, how often they use, Reasons for not using glucometer, when they check their blood glucose levels, type of exercise they do, information of smoking and alcohol use and their diet. Data which were recorded from patient files includes the patient's age, sex, location, the length of time they have been a diabetic, the name of the clinic they attend, how often do they visit the clinic, the form of medication they are on, lipid profile, HbA1c, blood glucose levels and measurements of height and weight which were used to calculate the body mass index (BMI).
The data collection instrument utilized in this study was a questionnaire from which information from the subject was directly gathered and recorded. In addition information was also gathered from the patients' medical records.
Using the prepared questionnaire type 2 diabetic patients within the specified age group was targeted during the running of diabetic clinics at the institutions mentioned above. Patients were informed that we are medical students conducting a study and we like to have their assistance in answering a short questionnaire from which all data gathered will be kept confidential. The names of the patients will not be taken in this study instead patients were identified using their medical file numbers/ clinic numbers.
Once the data from the questionnaire was gathered we obtained the additional required information from the patients medical record file.
Statistical Analysis
All gathered data was then analyzed using the computer package SPSS version 14.0 for Windows.
RESULTS
The study was conducted using 146 type 2 diabetes mellitus patients who used the glucometer and attended the clinics at the Eric Williams Medical Science Complex (EWMSC) and San Fernando General Hospital (SFGH) in the Republic of Trinidad and Tobago. The Percentage of persons among the various age groups and sex that participated in the study is shown in Table 1 . Averages of glycaemic status and lipid profile among subjects that attended EWMSC and SFGH is depicted in Table 2 . Population of 30.70% had good glycemic control when using the average of their last 3 blood glucose readings. While 42% of the sample population showed good glycemic control when using their most recent blood glucose reading. Using Pearson's correlation it was seen that there was a strong positive correlation between the average three blood glucose readings and the most recent one (0.830**, p = 0.01). Generally, for the sample population it was seen that a high percentage of the population had poor glycemic control (Tables 3 and 4). Sample population of 9.60% had good glycemic control when using the average of their last three HbA1c readings. Table 6 . Relationship between the frequency of glucometer usage, more than once per day, once per day, 3 -4 times a week and once a week and the average HbA1c, the most recent blood glucose reading and averages of cholesterol, triglycerides and HDL, and (Data is expressed as Mean + SD). 
DISCUSSION
Our study explored relationships between use of the glucometer, medication, clinic visits, diet, exercise and social factors and glycemic control as reflected in average HbA1c and average blood glucose. Our study also explored possible relationships between these factors and lipid profiles.
In this study, a possible link between duration of glucometer use and average HbA1c was examined. From the data collected, a total of 63% of the sample population had been using the glucometer for 6 months to 5 years, 21% had been using it for 6 -10 years and 16.5% had been using it for more than 11 years. Recent users of the glucometer seem to have better control of their HbA1c than longstanding users. Further statistical analysis showed that use of a glucometer had a very low negative correlation to average HbA1c while average blood glucose showed a low positive correlation. According to a study done by Rose [10] , HbA1c levels correlate closely, though not perfectly with blood glucose levels in patients. One way ANOVA showed that the persons using the glucometer for more than 11 years having had the highest average blood glucose levels while persons who were using it between 6 months to 10 years had the lowest values. This may be supported by the fact that newly diagnosed diabetics are exposed to educational programs unlike those of longstanding diabetic status.
There was a little difference or improvement for the frequent users of the glucometer compared to those who use it occasionally or once a week. The results found in a study by Harris [11] , conclude that "Within diabetes therapy categories, the frequency of self-monitoring was not related to glycemic control, as measured by HbA1c level". Our findings are in accordance with this study.
Findings showed a lower average HbA1c in patients who checked their glucose on mornings compared to values seen in patients who checked before meals, after meals and randomly. A similar trend was also seen with average HbA1c. This coincides with a recent study by Sikaris [12] who stated that "better glycaemic control is associated with fasting as well as continuous blood glucose monitoring, and it improves our ability to manage diabetic patients".
Our findings showed a low positive correlation in recent HbA1c values (0.295; p = 0.001) and patients using insulin preparations. Schütt et al. [13] , revealed that the type 2 diabetics treated with insulin (2.7 measurements/ day) and more frequent self monitoring of blood glucose (SMBG) was associated with better metabolic control. Our study contrasts with these findings, and this could be attributed to lack of patient knowledge on insulin administration or even a fear of using needles.
Persons relying on oral hypoglycemic agents show a low significant negative correlation in their recent and average HbA1c levels when compared to their counterparts on insulin preparation. Schütt et al. [13] also concluded that compared to patients on oral anti-diabetic medication or diet alone (2.0 measurements/day), more frequent blood glucose measurements were associated with higher HbA1c values (HbA1c increase of 0.14% for one additional SMBG/day, p < 0.0001). Our study again, contrasts with this, possibly owing to the fact that oral hypoglycemic agents are easier to self administer than insulin preparations thus compliance with this form of medication may have been better than compliance with insulin preparations. There was no significance of HbA1c levels (0.062) with respect to persons using both insulin and oral hypoglycemic medications (33%). This indicates an absence of glycemic control and improper management of blood sugar levels in these individuals. Cramer and Pugh [14] also identified this phenomenon in those patients on insulin and oral hypoglycemic agents. They had significantly higher HbA1c level than patient on insulin alone. They attributed the findings to disease progression in the patients or patient's belief that the oral hypoglycemic agents will cover their insulin lapses.
With respect to the frequency with which patients took their medication, it was observed that those who took their medication as prescribed had a lower HbA1c than those who took their medication sometimes. A study done by Rhee et al. [15] has shown that those who had better medication adherence had a lower HbA1c with an average of 7.8%. They went on to conclude that taking medication as prescribed is directly related to an improvement in HbA1c. Findings of our study concur with this study.
In assessing compliance with clinic visits, our study shows that the average HbA1c decreased with increasing duration between clinic visits. The study done by Rhee et al. [15] also shows that those who kept their clinical appointments had a lower HbA1c with the average HbA1c being 7.6%. They concluded that "keeping clinical appointments is directly associated with lower HbA1c and that efforts to enhance glycemic control should include emphasis on these simple but critically important aspects of patient adherence". Our results conflict with the findings of this study. A possible explanation may lay in better self management on the part of the patients who visit less frequently. Their less frequent visits are then attributed to their confidence in controlling their condition.
Our study also sought to investigate the effect of following a specific diet plan on the glycemic control of patients. Diabetics of 64.4% indicated that they did not adhere to a specific diet plan whereas 35.6% did have diet restrictions targeted at controlling blood glucose levels. Results showed a moderately strong significance (p < 0.05) between the two groups and average HbA1c values, and an independent Pearson's correlation test showed a low positive correlation between patients following a specific diet and the corresponding most recent HbA1c as well as average HbA1c. This trend of higher HbA1c values in patients following a specific diet contrasted with recently published results from a short-term study by Halford et al. [16] , which showed, "The average HbA1c among intensively managed patients who reported that they followed specific diet-related behaviours was 0.25 to 1.0 lower than among subjects who did not follow these behaviours.
The low positive correlation between exercise and average HbA1c of our study contrasts with results found in the meta-analysis carried by Boulé et al. [17] . Discrepancies in our findings could be attributed to patients being unaware of the intensity and frequency of physical activity that constitutes "exercise" therefore giving false affirmative that they undertook sufficient exercise as part of controlling their condition.
With respect to components of the lipid profile, our study found the low negative correlations between average cholesterol, average triglycerides and exercise. This is in accordance with a study carried out by Chudyk et al. [18] which showed that exercise was related to a decrease in triglycerides. A low positive correlation between exercise and average HDL was also found. This complies with findings by Rönnemaa et al. [19] which showed that physical training significantly increased HDL. The study demonstrated the significance between the different group of users (p < 0.05) in that persons using glucometers for 11 years or more have the highest average cholesterol while those owning one between 6 months to 5 years had the lowest average cholesterol. This may be explained by a lack of motivation on the part of the patient, which comes with longstanding management of any chronic disease, to monitor their diet.
From studies researched and general knowledge on diabetes, the importance of the management of modifiable factors is unparalleled. Undoubtedly, this must commence with proper patient education and can only be successful when matched with patient compliance. Currently, while there are initiatives being undertaken by both the Diabetes Association of Trinidad and Tobago and the Ministry of Health, our study indicates that this either is insufficient, or a different approach needs to be explored. Patients need to be fully educated on how to properly manage the various parameters of self monitoring and the critical complications that can arise from poor management.
It should not be overlooked that intervention of this preventable disease can take place at the levels of primary and secondary care. There must be attempts to shift the continuum of care from tertiary diabetic inpatient interventions to non-diabetic outpatient intervention. At the primary level, this means education of the general public about the risk factors of diabetes and promotion of a healthy lifestyle; at the secondary level, this entails screening of non-diabetics with one or more risk factors and emphasis on the importance reducing their risk.
CONCLUSION
Poor patient education on use of the glucometer, mode of administration of insulin and non-compliance with diet and exercise reflect in higher HbA1c values. Patients using oral hypoglycemic agents, patients adhering to the prescribed frequency of drug treatment and most interestingly, patients visiting the clinics less frequently seem to have better glycemic control. Compliance with an exercise plan and diet beneficially impacted on triglyceride values.
